INTRODUCTION
Treatment for mechanical lower back pain is a challenge in Western society, in which its occurrence can now be considered to have reached epidemic proportions. The origin of such pain and the factors that cause it to become chronic and recurrent remain poorly understood. Abnormalities in motor control and trunk muscle function have been found in individuals with chronic lumbar pain. [1] [2] [3] [4] Many studies have demonstrated that the deep muscles of the lumbar column and abdomen, especially the multifidus and transversus abdominis, present late activation, weakness, and diminished resistance during episodes of lower back pain. 5 These changes persist even when the painful condition goes into remission, and they contribute to episodes of lower back pain recurrence. 1, 5, 6 However, it is still difficult to determine whether the neuromuscular imbalance occurs because of the pain or whether the imbalance causes the pain. 1, 6 Although the mechanisms that lead to these abnormalities are incompletely understood, rehabilitation programs aiming to stabilize the lumbar spine and improve its musculature and proprioceptive action have been used with positive effects on pain and functional capacity in individuals with mechanical lower back pain. 7 This pilot study compared stabilization exercises with strengthening exercises for the trunk and hips in women with chronic lower back pain in terms of their effects on pain, functional capacity, and postural balance.
MATERIALS AND METHODS
Fifteen female volunteers were prospectively studied in a randomized, controlled and blinded manner between April 2008 and April 2010 with approval from the ethics committee (no. 1248/07).
This study included ten women between the ages of 30 and 55 years who had been referred for physical therapy because of nonspecific, chronic lower back pain. These women had sedentary habits, had no significant radiological abnormalities, and had no neurological impairments. To be included in the study, patients needed to be free from vestibular abnormalities and musculoskeletal disorders of the hips and lower limbs. In addition, the study had a control group composed of five women between the ages of 30 and 55 who did not present with lower back pain but who fulfilled the same inclusion criteria.
The exclusion criteria were the following: abandonment of the physical therapy, more than three consecutive absences from the treatment sessions, worsening of the symptoms, and a patient's desire, for any reason, to have her data excluded from the study without this harming the continuity of her treatment.
After the study had been explained to the patients and they had signed the consent form, they were assessed in accordance with the evaluation protocol. Randomization was performed by means of a draw using opaque envelopes containing folded papers that allocated patients to one of two treatment groups: group A (strengthening) or B (stabilization).
All the volunteers were assessed in relation to balance (questionnaire and balance tests at a force plate) and pain scales at the time that they were selected for the study.
Three groups were created, consisting of groups A and B, each with five patients with lower back pain, and a control group with five volunteers. The patients in groups A and B were evaluated with respect to the balance and pain scales before and after the treatment, whereas the patients in the control group were only evaluated before the treatment.
Evaluation protocol
The evaluation protocol was administered one week before the treatment was started and one week after it was terminated by two experienced evaluators who had been trained to handle the assessment instruments and were blinded regarding the treatment groups.
All the patients in the treatment groups (both A and B) gave responses to the Oswestry Disability Questionnaire using the version translated and validated for the Portuguese language, 8 and they completed a visual analog pain scale (VAS) 9 regarding the frequency and intensity of their lower back pain.
In addition to the questionnaire and pain scale, all the volunteers (groups A and B and the control group) underwent four balance tests on the Balance MasterH System (Neurocom International, Inc., Clackamas, Oregon, USA).
The tests undertaken were the following.
Modified clinical test of sensory interaction and balance (mCTSIB). Static balance was assessed using the modified clinical test of sensory interaction and balance, which consists of an assessment of body sway under four sensory conditions while the individual remains on a force platform: eyes open and closed on a stable surface and eyes open and closed on an unstable surface.
Each condition was repeated three times for ten seconds, and the average of the attempts was used. This test measures the displacement velocity at the individual's center of pressure in degrees per second. A force platform with four coupled sensors is used for the test. Decreases in the displacement velocity are considered to be a positive outcome.
The variables studied were the mean sway velocities with eyes open and with eyes closed on a stable surface (firm surface) and an unstable surface (foam surface) and the mean sway velocities in the anteroposterior (mean-Y) and side-to-side (mean-X) directions with eyes open and with eyes closed on a stable surface (firm surface) and an unstable surface (foam surface).
The following three tests were undertaken to assess the subjects' functional limitations affecting the activities of daily life.
Single-leg stance test. This test was conducted with the subject standing on one leg on a force platform under four conditions: with eyes open or closed and on the left or right leg. Similar to the mCTSIB, each condition was repeated three times for ten seconds, and the mean from the attempts was used. The variables studied were the mean sway velocity with eyes open and closed on the left and right legs.
Get-up-and-go test. The get-up-and-go test was conducted on a platform with the individual initially in a seated position on a bench 30 cm in height without a seat back. The patient's knees were flexed at 90˚, and her feet were separated by 10 cm at the heels for base support. Her arms were kept along the sides of her body. The patient was instructed to stand up quickly but safely. There were three repetitions of the movement separated by 30-second intervals. The parameters measured were the mean weight transfer time, the mean rising index and the mean sway velocity while rising.
Step-up test. In this test, the patients were instructed to climb a step 10 cm in height while putting only one foot on the step. They were told that the other foot should go directly to the platform without contacting the step. When both feet had reached the platform after crossing the step, the patients were then supposed to remain in as static a position as possible. In this protocol, three attempts were made for each leg, beginning with the left leg. The variables evaluated were the mean weight transfer index (mean liftup index), the mean movement time, and the mean impact index.
In all the balance tests conducted in this study, the volunteers were only allowed a maximum of three attempts to perform each test.
Treatment protocol
For both groups A and B, the treatment consisted of a 40-minute physical therapy session three times a week for a total of 20 sessions. All the sessions began with a ten-minute warm-up on an ergometric bicycle. Following the warm-up, the patients performed exercises in accordance with their treatment group.
In group A, the exercises had the goal of strengthening the abdominal, back, and hip muscles. The patients performed an average of three series of ten repetitions of each exercise. Increases in the number of exercises performed in each session (or load progression) occurred according to individual tolerance.
In group B, stabilization exercises were taught, starting with the dorsal decubitus and progressing to the ventral decubitus, in seated, four-support, and standing positions. Increases in the number of exercises performed in each session (or load progression) occurred according to individual tolerance.
All the sessions were conducted individually with the same physical therapist, who was blinded to the results of the initial assessment.
Statistical analysis
Fifteen women participated in this study: ten with lower back pain and five without any history of pain. A descriptive analysis was performed on the following sample parameters: number of cases (N), median, minimum, and maximum.
To meet the aims of the study, the 10 patients were evaluated using the scale values at the time that they were selected, and tests (Kolmogorov-Smirnov) were performed to determine whether the results presented a normal distribution. 10 To compare the scales between the groups, the KruskalWallis test was used before the treatment, and the MannWhitney test was used after the treatment. 10 To compare the scales in each group between the evaluations before and after the treatment, the Wilcoxon paired signed-rank test was used. 10 The data were analyzed using a significance level of 5%.
RESULTS
This study was conducted with five patients in each of three groups: group A (strengthening), group B (stabilization), and a control group. Descriptive information for the groups (median, minimum, and maximum values), including age, start of symptoms, pain scale (VAS), and Oswestry questionnaire data before and after treatment, is shown in Table 1 .
A Pearson correlation analysis between the pain scale and the Oswestry questionnaire responses revealed that higher pain intensity (as assessed using the VAS) correlated with higher Oswestry scores (r = 0.754 and p = 0.007) ( Table 2) .
Group B presented significant reductions in both pain (intensity and frequency) (p,0.043) and disability (measured by the Oswestry questionnaire) (p,0.05) after the treatment. However, group A did not show any significant changes (p.0.05). Comparisons between the two groups at each assessment time showed that after the treatment, the Oswestry values of group B were lower than those of group A (p = 0.016) ( Table 3) .
With regard to the balance measurements, only the mean weight transfer time increased significantly from before to after the treatment in group B (p = 0.043). The other measurements did not change and did not differ between the groups (p.0.05) ( Tables 4 to 7) .
DISCUSSION
Physical exercise is one of the most widely used methods for the rehabilitation of individuals with chronic low back pain. The primary goals of treating lumbar pain with physical exercise are to improve muscle strength, to maintain or improve flexibility, to heal tissue lesions and to promote spinal segment stability. 7, 11, 12 There are many exercise programs for lower back pain, and they differ in terms of the duration, frequency, and intensity of the training and especially regarding the type of exercise and the way it is performed. 11, 13 The term ''stabilization exercise'' is a generic term for any type of exercise that challenges the stability of the spine while training muscle activity patterns and postures that ensure sufficient stability without unnecessarily overloading tissue. 14, 15 Trunk stabilization exercises are based on co-contraction of the abdominal and multifidus muscles, and they are performed in a variety of body positions. It has been well documented that individuals with chronic lower back pain present differences in the activation patterns of these muscles (along with histomorphological abnormalities) compared with the muscles of individuals without a history of lumbar pain. 16 Stabilization exercises thus aim to improve these muscle activation patterns, thereby diminishing both incapacity and lumbar pain through improvements in trunk muscle contraction. 12, 15 The results of studies relating to improvements in pain and functional capacity in lower back pain are contradictory. In a literature review, Macedo et al. 17 found that stabilization exercise programs effectively diminished pain and functional incapacity, but they did not outperform other treatments. Another point of contention is whether stabilization training actually interferes with motor control.
In this study, women with chronic lower back pain were divided into two exercise groups (A and B) and were compared in terms of improvements in pain and functional capacity. To ascertain the effects of the postural control exercises, the patients underwent balance assessments before and after the treatment. They were compared with each other and with a group of women without any history of lumbar pain. The principal result was that the group B (stabilization) patients presented significant reductions after the treatment in both pain (measured using the VAS) and functional capacity (measured using the Oswestry questionnaire). These two evaluations correlated positively with one another. In Table 2 , it can be seen that higher pain intensity scores (as assessed using the VAS) correlated with higher Oswestry scores (r = 0.754 and p = 0.007). Similar results were found by Goldby et al. 12 in a study in which trunk stabilization exercises were compared with manual therapy and an educational program for patients with chronic lumbar pain. Those authors observed that stabilization exercises were significantly superior to other interventions with regard to pain and function. However, Cairns et al. 13 did not find any significant difference between programs using stabilization exercises, general exercises and manual therapy and programs using only general exercises, and manual therapy. Both of their groups presented notable reductions in pain and improvements in functional capacity. They offered two hypotheses to explain these results: the stabilization exercises may not have been as effective as expected, or the general exercises may have actually provided the positive results that were observed.
In the present study, for group A (strengthening), there was no significant change from before to after the treatment. Comparisons between the groups at the two assessment times showed that after the treatment, group B9s values were lower than group A9s, although group B9s values had also been lower before the treatment. Furthermore, the patients in group A presented symptoms of longer duration (a mean of 78 months) than group B9s symptoms (a mean of 7.2 months), which may have influenced group A negatively with regard to the response to treatment.
In relation to the balance measurements, in the get-upand-go test (Table 6 ), the mean weight transfer time variable, which measures the time required to transfer the body from a seated position to a standing position, increased significantly from before to after the treatment in group B. The higher the score on this test, the slower this process, thereby signifying a reduction in the ability to move the center of gravity forward and an increased need to prolong the muscular contraction. Changes in the strength or flexibility of the hip or trunk or difficulty in moving the pelvis forward might delay this response. Despite the poor result from this particular test, the difficulty group B The other measurements from the other tests did not change and did not differ between the groups. Studies have shown that individuals with chronic lumbar pain show postural balance abnormalities relative to individuals without any history of pain, especially under conditions that make greater postural demands. Although Mientjes et al. 20 and Della Volpe et al. 21 did not find any significant difference in static balance in individuals with lumbar pain, when the patients were subjected to more challenging postures, such as closing the eyes and remaining upright on an unstable surface, the subjects with lower back pain presented greater sway than did the control group. In the present study, such abnormalities were not observed. The three groups (A, B, and control) behaved similarly in relation to the four balance tests. After the treatment, groups A and B presented no changes in their results relative to before the intervention. Similar data were obtained by Kuukkanen et al., 22 who did not observe any differences in balance among patients with lower back pain who underwent an exercise program. There are several hypotheses that might help explain this result. In principle, the step-up test and the get-up-and-go test are sensitive to changes in balance and mobility that may have arisen through many conditions, not only lumbar pain but also conditions associated with aging. The postural balance abnormalities in individuals with lower back pain may be subtle, and the equipment used in this study might not have been sensitive enough to pick up differences between the groups. Such hypotheses were also raised by Kuukkanen et al., 22 who came to the conclusion that balance abnormalities could be observed both in patients with significant balance abnormalities and in patients with severe lower back pain.
There are some limitations that must be highlighted in this study, including the small number of subjects in the sample and the differences in the duration of symptoms between the groups. 
CONCLUSION
The trunk stabilization exercises were more effective at relieving pain and improving functional capacity than the strengthening exercise program in the patient sample we studied. With regard to the balance measurements, only the mean weight transfer time presented a significant increase, which was seen in group B after the intervention. The other balance measurements did not change and did not differ between the three groups evaluated.
Stabilization exercises appear to be an important tool for improving lower back pain. This pilot study has helped us to improve the assessment methodology, both in relation to balance and in relation to lower back pain itself. The duration of symptoms needs to be investigated as an important prognostic factor for lumbar pain. Further studies should be conducted taking these factors into account and incorporating adequate sample sizes. 
